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定同位素比率质谱仪测定上述样品的稳定同位素碳 δ13C 和稳定同位素氮 δ15N，
并借助 SPSS 分析软件对测定获得的数据进行方差分析和多重比较分析，结果显
示：黄嘴白鹭不同类型羽毛的 δ13C 或 δ15N 含量没有显著差异（P>0.05），白鹭不
同类型羽毛的 δ13C 或 δ15N 含量也同样没有显著差异（P>0.05）。由此说明稳定同
位素在鹭科鸟类不同类型羽毛中的分馏效应是相似的，同时也说明黄嘴白鹭和白
鹭所有羽毛的稳定同位素值反映的是繁殖地的特征。因此，在今后的鹭科鸟类稳



















































Stable isotope technique has been widely used in archeology, geology, medicine, 
environmental science and marine science. Due to its unique advantages, it’s 
increasingly used in animal ecology, such as feeding habits, food chain, trophic 
structure, habitat selection, migration, and so on. The Chinese egret (Egretta 
eulophotes), with rare population size in the world, is an endangered migratory 
waterbird. So it’s urgent for us to take deep research and make appropriate protection 
for this egret. In this study, we conducted a preliminary study on the diet and nest site 
fidelity of Chinese egret based on stable isotope technique. 
To ensure the scientificity of Ardeidae feather sampling in this study and thus can 
decrease the feather sampling of endangered egret, we took different types of feathers 
in both Chinese egret and little egret (Egretta garzetta), including primaries, 
secondaries, abdominal feathers and tail feathers. Stable isotope ratio mass 




N, and then the SPSS software 
was used for variance analysis and multiple comparisons of data. The results showed 





different types of feathers of Chinese egret or little egret. This demonstrated that the 
different types of feathers of Ardeidae had same results of stable isotope fractionation, 
and that feather stable isotope values in Chinese egret and little egret reflected the 





anyone body region of Ardeidae has same representative in stable isotopic analysis. 
In this study, the diet of Chinese egret from Caiyu and Dayu, and diet of little 





N in their feathers. Data analysis found that there was no significant difference 
of δ
13
C value (P = 0.188) in Chinese egret between Caiyu and Dayu, which showing 
strong maritime characteristics. On the contrary, the feather stable isotope δ
15
N value 
in Chinese egret at Caiyu were significantly higher than that at Dayu (P <0.01), 
reflecting the dietary gap of Chinese egret between the captivity and the wild 




N values in Chinese Egret 
at Caiyu were significantly higher than those in little egret at Zhangzhou (P <0.01), 















consumed a majority of marine prey and a small part of freshwater food.  
No significant difference of feather isotopic fractionation value was found 
between different sexes of Chinese egret nestlings at Caiyu heronry (P> 0.05), 
suggesting that the isotope value of nestling feather can be used as a background 
isotopic value of the nest site. On the contrary, there was a significant difference of 
feather isotopic value between different sexes of Chinese egret parents (P <0.05), 
concluding that both male and female parents come from different breeding 
populations because the molted feathers of the parents were grown up in the nest sites 
of last year. Moreover, the feather isotopic values of Chinese egret parents were 
compared with those of nestlings in the same sex. No significant difference of feather 
isotope value was found between female parent and nesting, but significant difference 
of feather isotope value was found between male parent and nesting, indicating that 
female parent was grown up or bred at Caiyu heronry last year and thus that female 
Chinese egret has higher nest site fidelity than male. 
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表 1  稳定同位素的标准物和同位素比率 





更丰富[5-7] 。特别是碳 13C、15N、34S 这些可以用来检测动物食物中海洋性和内
陆蛋白质的相对含量值[8-13] 。虽然 2H 和 18O 也是以海洋性比内陆性更丰富为特
点[6, 14] 。但是基于分析上的考虑，因为非 C 键结合的氢(H)会继续和环境中的
水中的氢(H)发生同位素交换，因而他们在用于追踪动物营养素来源时会相对受
到限制。所以一般最常用的是稳定同位素碳 δ13C 和 δ15N。 
 
1.1.1  稳定同位素碳 
自然界中碳有两种稳定同位素 12C 和 13C，其丰度分别为 98.89% 和 1.11%，
碳同位素的分馏,主要有光合作用过程中的动力学分馏和同位素交换反应中的热
力学平衡分馏[1, 3] 。在全球范围内，大气中 CO2 的稳定同位素碳值是相对恒定的，
大约为 -8 ‰ [15] 。但由于植物通过光合作用固定 CO2 的方式不同，而使不同
类型的植物 δ13C 值存在很大差异。因此，像小麦、大麦、大米和大部分水果和
蔬菜等 C3 植物中的 δ
13
C 值在-30‰ ～ -22‰之间[16] 。相反 C4 植物中的 δ
13
C 值




C 值变化范围较宽，在-38‰～-13‰ 之间，δ13C 介于 C3 植物与 C4植物之间
[17, 18] 。同时，影响植物碳同位素的还包括一些外界环境因子，如温度、湿度、
光照、含水量、大气压和大气中的 CO2 同位素组成等，从而导致分布在不同地
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以现在大多数食性研究中，研究者们把更多的注意力放在稳定同位素碳 δ13C 上 




植物、C4 植物和 CAM 植物由于光合作用和新陈代谢的差异导致它们之间有着不
同的稳定同位素碳特征[21] ，且相比海洋性藻类而言 δ13C 要低很多（图 1），很
大程度上是因为陆生植物和海洋性植物在初级生产过程中的碳来源于两个不同
的体系[19, 21] 。 
 















在氮的转化过程中，其同位素将会发生分馏，导致δ15N 的富集，在 -2‰ ～ 6‰ 
之间，一般约为 3 ‰。而豆科植物根部与固氮菌相连，根瘤菌可以将氮气转化
为可以吸收的氮源，而此过程几乎不会发生同位素分馏，所以豆科植物的δ15N值
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蛋白质的过程中，轻的 14N 更容易流失在含氮废物中[29] ，消费者从它们的食物
中富集 15N 到组织中（图 1）。因而相邻营养级之间的稳定同位素氮 δ15N 存在
差值，基本在 2‰～4‰ 之间[30] 。 
 
 
图 1  稳定同位素碳、氮双元素图：海洋与内陆环境下捕食者与被捕食者
的稳定同位素碳、氮关系 
Figure 1   Dual isotope plot demonstrating isotopic differences between the 
marine and terrestrial biomes, and trophic enrichment between food source 
(prey) and consumers 
The data were taken from a study on the winter foraging behaviour of LightbelliedBrent Geese. (Isotopic analyses 
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